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Physics motivations

Why study quarkonium productions in heavy ions collisions?
QQ_pairs are produced in the initial hard partonic collisions and 755 > Tqap
J/v suppression is a promising probe of de-confinement [Matzui, Satz, PLB 178 (1986) 416]

— Color screening mechanism induced by the high density of color charges in QGP

'— Sequential suppression

Another mechanism so called Recombinaison can occur:

' Statistical recombinaison at phase boundary [Braun-Munzinger, Stachel, PLB 490 (2000) 196]

'— Dissociation and recombination in QGP describe by a rate equation [Thews et. al., PRC 63 (2001) 054905]

And feed-down from higher states complicate the picture.

Quarkonium states are expected to provide
information on de-confinement and the QGP properties
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Physics motivations

Why study different systems?

* PP

- Production mechanisms (Color Singlet, Color Octet, Color Evaporation Model)
- Polarization?

- Used as reference — QGP not expected

° p_A

- Cold nuclear matter effects (modification of PDF, parton energy loss, nuclear break-up, Cronin effect)
- Initial/final effects?

e A-A

- Hot nuclear matter effects (suppression, recombinaison)
- Collective effects

- Thermalization?
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ALICE apparatus
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Inclusive quarkonium productions measured
down to zero transverse momentum
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PP collisions




pp collisions
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p—Pb collisions




Usual observable is the nuclear modification factor: Rp A

ALICE, p-Pb |sy = 5.02 TeV
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no significant nuclear effects suppression at low pr (pr<5 GeV/c)
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nuclear modification factor vs pr for different centrality classes

[arXiv:1506.08808]
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[JHEP 1412 (2014) 073]
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Quarkonia in pp, p—Pb and Pb—Pb collisions with ALICE at the LHC

1 (2S) 1s more suppressed than the J/y at
both backward and forward rapidities

Shadowing and energy loss cannot describe the
larger y(2S) suppression compared to the J/y

Additional mechanism is needed

[JHEP 1412 (2014) 073]
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P(2S)

nuclear modification factor vs collision centrality

%g 2.2_ T 1 |. T r 1 ] 1 +|- — 1 r r r [ rr1rr 11 r 17171 ] gé 2.2_ |I |I I. T T T ] |+|- — 1 T 1 T 1 T ] |.| .| | L
B o nousle v vEs) S u ALICE Preliminary 3 o of neusvedwveEs ok ALICE Preliminary 3
[ P-Pb ys=5.02TeV,-446 <y <-2.96 . C P-Pb {s=5.02TeV,2.03 <y <3.53 .
1.8F CEM + EPS09 NLO (Vogt et al.) - — CEM + EPS09 NLO (Vogt et al.) -
- ELoss (Arleo et al.) - - ELoss (Arleo et al.) -
1.6 . Jhy: EPS09 LO (Ferreiro) - 1.6 " Jhy: EPS09 LO (Ferreiro) -
[ —— J/y: EPS09 LO + comovers (Ferreiro) i [ —— J/y: EPS09 LO + comovers (Ferreiro) i
1 4 [ — y(2S): EPS09 LO + comovers (Ferreiro) 7 1 4 B v(2S): EPS09 LO + comovers (Ferreiro) 7
T J/y: QGP+HRG (Du et al.) : . Jhy: QGP+HRG (Du et al.) :
- ] y(2S): QGP+HRG (Du et al.) - y(2S): QGP+HRG (Du et al.) -
1.2F - 1.2 -
Ui = e 1E
C M :
0.8F || = 0.8F
0.6F - 0.6F <
0.4F 3 04F =
0.2 F 4 Jiy (arXiv:1506.08808) mw(2S) . 0.2 F 4 Jiy (arXiv:1506.08808) o w(2S) .
0 : L L L I L L L I L L L I L L L I L L L I L L L I L 7] O B L L L I L L L I L L L I L L L I L L L I L L L I L 7]
0 2 4 6 8 10 12 0 2 4 6 8 1 12
<NmUIt> + (Nmult>
IR - [ —PREL- - I
ALI-PREL-96531 BaCkward'y (J/,lp% u+u ) co ALI-PREL-96535 Forward_y (J/,lp% M u ) Cco
Y (2S) suppression increase as a function of centrality Indications for smaller ¥(2S) Qpp, compared to the J/y

Theoretical models based only on shadowing and energy loss in disagreement with 1(2S) data

Interaction with comovers represent a possible explanation for the larger (2S) suppression

QGP + Hadron Resonance Gas model in fair agreement with data
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[Phys. Lett. B 740 (2015) 105]
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Pb—PDb collisions




QGP France 2015

Nuclear modification factor as a function of collision centrality

[PLB 734 (2014) 314-327]
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Quarkonia in pp, p—Pb and Pb—Pb collisions with ALICE at the LHC

[PLB 734 (2014) 314-327]

1.4
: Inclusive J/y — e'e’, Pb-Pb | s, =2.76 TeV and Au-Au \ s, = 0.2 TeV
1 2 - @ ALICE (PLB 734 (2014) 314), |y|<0.8, pT>0 GeV/c global syst.= + 13%
I 8 O PHENIX (PRC 84(2011) 054912), |y|<0.35, pT>0 GeV/c global syst.= + 12%
1 __ .......................................................................................................................................................
0.8F $ $ $
0.6F E @ @
0.2 @
O-IIIIIllllllllllllllllllIlllllllllllllll

0 50 100 150 200 250 300 350 400
(N

ALI-DER-65265 part
14 [arXiv:1506.08804]
::E .  Inclusive J/y — p*w, 2.5<y<4, ALICE Pb-Pb \|s,, = 2.76 TeV
Q: 1 2'_ lpT<2GeV/c l2<pT<5GeV/c l5<pT<8GeV/c
"1 [ global syst.= 7%
1 :_ ................ i
0.8 - i
o [} A
L [l m EI
0.6 5 E E IP
0.2F
0 i 111 | | N I - | 111 | | N I - | | N I - | | | | N I - | |

0 50 100 150 200 250 300 350 400
(N .

Antoine Lardeux



Nuclear modification factor as a function of transverse momentum
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Prompt and non-prompt separation at mid—rapidity

f8 = non-prompt / inclusive

[JHEP 07 (2015) 051] [JHEP 07 (2015) 051]
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Opposite trend compare to SPS energy

Transport models are able to reproduce
the data from the different energies
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Quarkonia in pp, p—Pb and Pb—Pb collisions with ALICE at the LHC

—  Sensitive to medium modifications of .J /1) pr
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Could be related to the onset of
regeneration mechanism and to the
thermalization of charm quarks
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Flow elliptic

Does the J/1 inherit any of the fireball collective flow via regeneration?

03 _
-~ ® ALICE (Pb-Pb|s, =2.76 TeV), centrality 20%-60%, 2.5 < y < 4.0
dN | —— Y. Liu et al., b thermalized
—_ N ( 1 + 2V COS2 ( (p_ W)) ST Y. Liu et al., b not thermalized
d¢ - 0-2__— - X. Zhao et al., b-diffusion

ALI-PUB-65926

Hint of non-zero J/y v (2.70)

In agreement with regeneration mechanism
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[arXiv:1506.08804]
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Discriminate between Statistical and Transport models

N
o
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Statistics being limited, statistical and transport models are
compatible with the 95% C.L. available for central collisions.
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Higher mass (more perturbative processus); Less recombinaison than .J/+/; 1 (15) feed-down between 40-50%.

[PLB 738 (2014) 361-372] [PLB 738 (2014) 361-372]
< 1.4r < 1.4r , ,
o [ o ALICE: Pb-Pb |y =276 TeV, L, =69 ub’ o | PP Sy =276 TeV, inclusive T(1S), pr > 0
1.0 _ 1.2 e ALICE: L, =69 pb™, 0-90% (open: reflected)
: Inclusive Y(1S5), 25 <y <4,p, >0 - w CMS: L, = 150 ub™, 0-100% (PRL 109 (2012) 222301)
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Clear T(1S) suppression, increasing from

semi-peripheral to central Pb-Pb collisions. The transport model underestimates the higher

, suppression observed at forward rapidity.
The transport model underestimates the observed

suppression but reproduce the centrality dependence.

Need precise measurement of feed down and CNM effects
More data! Wait LHC run-2 (soon)
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Conclusion

* pp, p-Pb and Pb-Pb data from run-1 at LHC have been analyze in detail at quarkonia
production level.

* Production mechanisms in PP collisions are still not fully understood

* p-Pb results are in agreement with models except for 1(2S) — final effect?

* Other mechanisms compensating the J [ suppression are needed to explain the ALICE
J/1¥ Raa measurements (regeneration?).

» First observation of very low pr J /1 excess in peripheral Pb-Pb collisions.

Outlooks:

More statistic and higher luminosity coming soon with LHC run-2:

* Reduce uncertainties of current measurements.
* Detailed results for bottomonia.
- Study the low pr J /4 excess.

* Detailed results for 1 (25).
* Detailed results for J/v elliptic tlow ().

Thank you for you attention
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